| INTRODUCTION
Allergic inflammation is a common feature of asthma, and exposure of the sensitized individual to allergens may result in development or worsening of disease. 1 Allergen challenge has been used as an in vivo model to examine the role of allergic inflammation in asthma and has demonstrated the dominant role of the mast cell in the immediate response to allergen exposure, followed by a late-phase of cellular recruitment that includes cells associated with both the innate (ie neutrophils, macrophages and dendritic cells) and adaptive (ie Th2 lymphocytes, eosinophils, basophils) immune responses.
2,3
Molecules involved in the highly selective recruitment of cells characterizing allergic responses (ie Th2 lymphocytes, eosinophils and basophils) include cytokines, chemokines and adhesion molecules. 4 Recently, recruitment of multiple dendritic cell (DC) subsets during allergic inflammation has been demonstrated suggesting an important mechanism for enhancing immune responses within tissues by enhancing antigen-presenting cell (APC) function. [5] [6] [7] DCs initiate primary immune responses, link innate and adaptive immunity, and regulate TC responses. Animal models suggest an obligatory role for DCs in both the initiation and maintenance of allergic inflammatory responses in the lung. 8, 9 Distinct subsets of DC may modulate immune responses to promote or inhibit Th1 vs Th2 responses. Subjects sensitive to ragweed (RW) and/or dust mite (DM) allergen were selected for SAC. Standardized allergens, short ragweed (Ambrosia elatior) and dust mite (Dermatophagoides farinae or D. pteronyssinus), selected for low endotoxin content (<25 endotoxin units/mL in undiluted stock preparation) were purchased from Greer Laboratories (Lenoir, NC, USA). The allergen concentration used for SAC was individualized based on a titrated endpoint response to intradermal skin testing as previously described. 13 The initial bronchoscopy was performed following premedication with atropine (0.6 mg IV) and local anaesthesia achieved by inhalation of nebulized lidocaine 4%, followed by viscous lidocaine 4% intranasally or benzocaine 10% sprayed onto the oropharynx.
Mild sedation with fentanyl (0.1 mg IV) was given immediately before bronchoscopy. An Olympus BF10 fiberoptic bronchoscope (Olympus Corporation, Lake Success, NY, USA) was inserted into the lower airways. Local anaesthesia was supplemented with lidocaine 2%. A control challenge with normal saline (NS) was performed by instilling 5 mL NS into a wedged segment of the lingula or right middle lobe. Allergen challenge (AG) was then performed in a segment of the opposite lung with 5 mL of ragweed or dust mite. After 20-24 hours, a second bronchoscopy was performed with BAL at the sites of NS and AG challenges. BAL was performed with 5 9 20 mL aliquots of NS, pre-warmed to 37°C. BAL fluid collected from each site was pooled and processed separately.
Blood samples were collected prior to bronchoscopy for cell analysis and functional studies.
In experiments designed to evaluate the T cell specificity of the allergic response, three allergic subjects (two asthmatic and one rhinitic) with sensitivity to both ragweed and dust mite underwent SAC with each allergen separated by 3-7 months. On each occasion, SAC was identical except for the allergen used for challenge. On each occasion, the in vitro responses of T cells to both allergens were measured so that T cell recruitment in response to SAC with different allergens could be compared in the same individual.
| Cell counts
Total fluid recovered from each BAL was measured, filtered through gauze and aliquots removed for cell counts performed using a hemo- The macrophage population was further divided by morphologic criteria into an "alveolar" macrophage population characterized by large size and low nuclear:cytoplasmic ratio, and a "monocytoid" macrophage population with the cytologic features of blood monocytes with smaller size and higher nuclear:cytoplasmic ratio than the resident alveolar macrophage (AM) population (Figure 1 ). In a separate count, 300 macrophages were categorized, and total number of each type was calculated as percent of each type 9 total macrophage number.
| Flow cytometry of monocytoid cell subsets
In two subjects included in the functional studies and three additional subjects, BAL cells from the SAC protocol were analysed by flow cytometry for expression of the monocyte and DC markers, CD14 and blood DC antigen 4 (BDCA4), used for isolation of DCs. 
| Normalized stimulation index
Due to the large range of responses among individuals, proliferation was normalized to one condition within an individual experiment by dividing the SIs from all APC/TC co-cultures by the SI of DC/TC from blood at a single ratio, typically 1:8. Responses of different APC:TC ratios or cell source combinations were compared using the normalized SI.
| Statistical analysis
Data are reported as median (range) unless otherwise indicated. Cell counts were compared using the Wilcoxon signed-rank test.
Correlations were assessed using the Spearman rank correlation.
Function of APC populations from lung and blood after SAC at multiple APC:TC ratios was compared by two-way ANOVA and Bonferroni post-tests. Results of cell mixing experiments using BDCA4 + DC and CD4 + TC purified from blood and lung following SAC were analysed by one-tailed, paired t test with significance determined after correction for multiple comparisons by the false discovery rate procedure. 14 P-value < .05 was considered significant.
3 | RESULTS
| Subject characteristics
Individual subject characteristics with the allergen used for SAC are shown in Table 1 . Subject number is used to specify patients participating in each study protocol.
| Cellular responses to SAC
In the primary group undergoing the SAC protocol for cellular studies (subjects 1-12), the recovery of BAL fluid was not different between NS-and AG-challenged sites (mean % AE SD: NS 46 AE 11 vs AG 45 AE 7). As expected, SAC induced a vigorous inflammatory cell response with marked increases in total cells, lymphocytes, monocytoid macrophages, neutrophils and eosinophils (Table 2 ).
Total cells increased by almost threefold, largely due to the increase in eosinophils. Recovery of total resident AMs was not significantly changed by allergen challenge, but the monocytoid macrophage population increased nearly 12-fold. This monocytoid population is likely to contain both recruited monocytes and DCs.
| Characterization of the monocytoid macrophage population
The cytologic appearance of alveolar and monocytoid macrophages from BAL is illustrated in Figure 1A . AMs were characterized by large size and low nuclear:cytoplasmic ratio, while monocytoid macrophages (MNC) had the appearance of monocytes with smaller size and higher nuclear:cytoplasmic ratio.
Examination by flow cytometry of the monocytoid macrophage population using CD14 as a monocyte marker and BDCA4
as a DC marker revealed large numbers of cells expressing both CD14 and BDCA4 as illustrated in Figure 1B . provide a consistent source of APC. These TC responses between blood and lung were correlated (P = .0167, Spearman rank correlation).
This finding of enhanced lung TC function was further supported by a similarly enhanced response of lung TC compared to blood TC, when both were cultured with DC from the lung. Under these conditions, the overall level of APR was significantly higher due to the effect of using lung DC rather than blood DC, but the enhanced response of lung TC was apparent. Mixing both DC and TC from the lung resulted in the highest TC proliferative response of 31%-731% enhancement over reference (P = .013), because both the DC and TC components of enhanced APR were present. The lung DC/TC response was significantly greater than either of the enhanced responses using lung DC or lung TC (.021 < P < .039). Taken together, these results confirm the previous findings of enhanced APC function of DC in the lung. In addition, the results demonstrate an enhanced TC response, suggesting that enhanced immune responses at sites of allergic inflammation also involved recruitment of allergen-specific TC.
3.6 | Allergen challenge results in sensitized TC recruitment with biased recruitment of TC specific to the allergen used for challenge: further evidence for allergen-specific TC recruitment ) purified from blood and BAL following SAC. Using the proliferative response assessed by the net cpm, an allergen-specific response ratio was calculated by the formula: (net cpm to the allergen used for SAC in vivo)/(net cpm to the alternate allergen). The response to the alternate, ie non-specific allergen, was used as a control to represent non-specific TC recruitment related to inflammation. A ratio greater than 1 represents a greater proliferation to the allergen used for SAC than to the nonspecific allergen and supports an allergen-specific response.
Results from each experiment (subjects 13-15) are shown in Table 3 . Significant APR to both allergens was measured using both blood and lung TC following SAC. In the lung, T cell responses following SAC were consistently greater to the allergen used for challenge compared to the non-specific allergen. This enhancement was observed when either RW or DM was used for SAC in the same individual. In contrast to the lung, a response ratio less than 1 in blood was consistent with SAC using DM, suggesting depletion of allergen-specific TC from the blood; however, SAC using RW gave mixed results. Overall, the results from this small number of increases in both mDC and pDC (up to medians of 0.56% and 1.82%, respectively) in total BAL cells at 24 hours after SAC. 11 They also noted that BDCA4 was not specific for pDC at sites of allergen challenge, while BDCA2 remained specific for pDC. In this study, the large majority of BDCA4 + cells co-expressed CD14 + , suggesting that the enhanced APC function lays within the recruited monocyte population.
BDCA4 has been identified as neuropilin-1 (NRP1) that was initially described as a neuronal receptor involved in nerve growth guidance. 16 An important role for NRP1 in immune responses is now recognized. 17 Tordjman et al have demonstrated that human DC and TC both can express NRP1 and that NRP1 appears to be an essential molecule involved in cell clustering and TC proliferation because a blocking antibody against NRP1 inhibited both functions. 18 In this study, induced expression of NRP1 on recruited monocytes appears to identify cells demonstrating enhanced APC function. This supports the speculation that NRP1 is playing a role in the heightened APC function; however, such a role has not been established. Many Table 1 : subject number 7 (◊), 8 (+), 9 (D), 10 (9), 11 (), 12 (o). Solid bars are medians. *Indicates .002 < P < .014 vs blood DC + blood TC; #indicates P < .05 vs lung DC + lungTC T A B L E 3 Allergen-specific T cell responses in the allergen crossover protocol 19 In a study of endotoxin effects on responses to SAC, endotoxin enhanced allergic inflammation that included monocyte and myeloid DC recruitment. Only the pulmonary myeloid DC stimulated T cell proliferation in an autologous mixed lymphocyte culture assay. 20 Increased monocyte numbers were also found in the lung as part of the inflammatory response within 6 hours of segmental challenge with endotoxin. 21 Lee et al also demonstrated a new population of recruited AMs derived from monocytes after SAC associated with increased levels of macrophage chemotactic proteins (MCP 1 and 3), supporting the role for epithelial-derived MCP1 in monocyte recruitment. 
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